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Multicenter cohort study of in-hospital pediatric cardiac arrest*
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Objectives: 1) To describe clinical characteristics, hospital
courses, and outcomes of a cohort of children cared for within the
Pediatric Emergency Care Applied Research Network who expe-
rienced in-hospital cardiac arrest with sustained return of circu-
lation between July 1, 2003 and December 31, 2004, and 2) to
identify factors associated with hospital mortality in this popula-
tion. These data are required to prepare a randomized trial of
therapeutic hypothermia on neurobehavioral outcomes in children
after in-hospital cardiac arrest.

Design: Retrospective cohort study.

Setting: Fifteen children’s hospitals associated with Pediatric
Emergency Care Applied Research Network.

Patients: Patients between 1 day and 18 years of age who had
cardiopulmonary resuscitation and received chest compressions
for >1 min, and had a return of circulation for >20 mins.

Interventions: None.

Measurements and Main Resulis: A total of 353 patients met
entry criteria; 172 (48.7%) survived to hospital discharge. Among
survivors, 132 (76.7%) had good neurologic outcome documented
by Pediatric Cerebral Performance Category scores. After adjust-

ment for age, gender, and first documented cardiac arrest rhythm,
variables available before and during the arrest that were inde-
pendently associated with increased mortality included pre-ex-
isting hematologic, oncologic, or immunologic disorders, genetic
or metabolic disorders, presence of an endotracheal tube before
the arrest, and use of sodium bicarbonate during the arrest.
Variables associated with decreased mortality included postop-
erative cardiopulmonary resuscitation. Extending the time frame
to include variables available before, during, and within 12 hours
following arrest, variables independently associated with in-
creased mortality included the use of calcium during the arrest.
Variables associated with decreased mortality included higher
minimum blood pH and pupillary responsiveness.

Conclusions: Many factors are associated with hospital mor-
tality among children after in-hospital cardiac arrest and return of
circulation. Such factors must be considered when designing a
trial of therapeutic hypothermia after cardiac arrest in pediatric
patients. (Pediatr Crit Care Med 2009; 10:544-553)

Kev Worbs: cardiac arrest; return of circulation; children; pe-
diatric; cohort study; mortality; outcome; therapeutic hypothermia

ardiac arrest in childhood is a
tragic event often resulting in
death or poor neurologic out-
come. Previous studies have
reported survival rates in children rang-
ing from 9% to 47% after in-hospital
cardiac arrest (1-7), and 0% to 29% after
out-of-hospital cardiac arrest (8). Better
outcomes after in-hospital compared
with out-of-hospital arrest have been at-

tributed to differences in etiology of ar-
rest, and more rapid recognition and
treatment by skilled caregivers in the in-
hospital setting (9). Because many of
these previous studies are small retro-
spective case series conducted in single
hospitals, their findings are often not
generalizable (10). In addition, lack of
uniformity in case definitions and out-
come measures complicates comparison

of findings between studies and prevents
integration of data in meta-analyses (10).

Notable exceptions to the literature on
cardiac arrest in childhood are the recent
reports generated from the American
Heart Association National Registry of
Cardiopulmonary Resuscitation (11-16).
The NRCPR is an international registry of
in-hospital cardiopulmonary resuscita-
tion (CPR) that includes adult and pedi-

*See also p. 601.
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atric patients from over 500 hospitals
(17). Patients with out-of-hospital arrests
are excluded. Variables included in the
NRCPR registry are based on the Utstein
Style Guidelines for uniform reporting of
cardiac arrest and resuscitation data (18).
However, the NRCPR registry contains
less extensive and detailed data than that
potentially needed to plan and conduct
future clinical trials of CPR interventions
within specific pediatric research net-
works.

Therapeutic hypothermia is an inter-
vention that has recently been shown to
improve outcome in adults who are co-
matose after resuscitation from out-of-
hospital ventricular fibrillation cardiac
arrest (19, 20). American Heart Associa-
tion guidelines for postresuscitation sup-
port recommend induced hypothermia
for such adult patients (21). Benefits of
therapeutic hypothermia have also been
reported for newborns with hypoxic-
ischemic encephalopathy (22). However,
the effect of therapeutic hypothermia on
outcome after pediatric cardiac arrest has
not been studied.

The Pediatric Emergency Care Applied
Research Network (PECARN) is a feder-
ally funded multi-institutional emer-
gency medicine network that conducts
research on prevention and management
of acute illness and injury in children (23,
24). PECARN includes academic, com-
munity, urban, rural, general, and chil-
dren’s hospitals located across the U.S.,
and provides the necessary infrastructure
to carry out randomized controlled trials
of CPR interventions in pediatric pa-
tients. To plan a randomized trial of the
effect of therapeutic hypothermia on neu-
robehavioral outcomes after cardiac ar-
rest, specific data describing the epidemi-
ology of cardiac arrest from PECARN
clinical sites are needed. The first objec-
tive of this report is to describe patient
characteristics, cardiac arrest events,
postarrest hospital courses, and out-
comes in a cohort of pediatric patients
who received in-hospital CPR for greater
than 1 minute and who had a sustained
return of circulation. The second objec-
tive is to identify factors most strongly
associated with hospital mortality in this
population using information available at
the time of return of circulation, and
within 12 hours following return of cir-
culation. Such factors need to be consid-
ered in the design of a trial of therapeutic
hypothermia in pediatric patients.
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METHODS

A retrospective review of in-hospital car-
diac arrest events occurring between July 1,
2003 and December 31, 2004 was conducted
across 15 children’s hospitals within the
PECARN network. Patients between 1 day (24
hrs) and 18 yrs of age who had an in-hospital
cardiac arrest and return of circulation for at
least 20 consecutive mins were eligible for
inclusion. Cardiac arrest was defined as a CPR
event with greater than 1 min of chest com-
pressions. Return of circulation includes both
spontaneous and assisted circulation (e.g., extra-
corporeal membrane oxygenation [ECMO]). Pa-
tients who were cared for in a neonatal inten-
sive care unit, who had cardiac arrest in the
operating room as part of a planned cardiac
surgical procedure, or who had arrest begin-
ning before hospital arrival (out-of-hospital)
were excluded. These criteria were selected to
identify a cohort of pediatric patients similar
to those who would be potentially eligible for
a future hypothermia trial. Patients were iden-
tified by medical record International Classi-
fication at Diseases-9 codes, procedure codes,
institutional arrest logs, morbidity and mor-
tality reviews, emergency department records,
trauma records, Pediatric Risk of Mortality
scores (25), and other site-specific mecha-
nisms. If a patient experienced more than one
cardiac arrest during the study period, only
the first arrest meeting eligibility criteria were
included. The study was approved and a waiver
of informed consent granted by the Institu-
tional Review Board at each site.

The PECARN Central Data Management
and Coordinating Center at the University of
Utah trained investigators and data abstractors
at each site to review patient records and col-
lect data. Training included review of a man-
ual of operations, teleconferences, and com-
parative coding of hypothetical patient
records. During data collection, a sample of
nearly 20% of records coded by data abstrac-
tors was reviewed by the site investigators for
27 key data fields. Overall accuracy was >96%.
Data fields reviewed by the site investigator
that did not match with those of the abstractor
were flagged for investigator review and reso-
lution. All data were double entered into a
secure, encrypted Internet site, and electron-
ically submitted to the Central Data Manage-
ment and Coordinating Center. The Central
Data Management and Coordinating Center
performed a secondary review to ensure data
quality, and site investigators were queried to
resolve data discrepancies.

Data collected included 1) patients’ base-
line clinical characteristics; 2) cardiac arrest
event characteristics such as location and tim-
ing, first and subsequent documented cardiac
rhythms, and monitoring devices and inter-
ventions used before and during the arrest; 3)
etiology of cardiac arrest; 4) hospital course,

such as use of ECMO and therapeutic hypo-
thermia, and the occurrence of subsequent
arrests and seizures; 5) physiologic and labo-
ratory data such as pupillary reflexes, mini-
mum and maximum body temperature, blood
pH, and glucose concentration, and maximum
lactate concentration in the first 12 hrs post-
arrest; 6) Pediatric Cerebral Performance Cat-
egory (PCPC) (26) scores before cardiac arrest
and at hospital discharge; and 7) survival to
hospital discharge. In addition, dates and
times of important clinical events were re-
corded and related time intervals were deter-
mined. These intervals included the time from
arrest to initiation of CPR, first epinephrine
dose, first defibrillation attempt, ECMO, ther-
apeutic hypothermia, as well as the durations
of CPR, and pediatric intensive care unit
(PICU) and hospital stay.

Variable definitions were based on Utstein
Style Guidelines (18). Weekends were defined
as Friday 11:00 pm to Monday 6:59 am, and
nights as 11:00 pM to 6:59 am. Postoperative
CPR was defined as the provision of CPR after
a surgical operation and before discharge from
the hospitalization in which the operation oc-
curred. PCPC scores measure degree of cogni-
tive function and range from 1 to 6 where 1 =
normal, 2 = mild disability, 3 = moderate
disability, 4 = severe disability, 5 = coma or
vegetative state, and 6 = brain death (26).
Good neurologic outcome was defined as
PCPC score of 1 or 2 at hospital discharge, or
no change in score from prearrest to hospital
discharge.

Statistical Analyses. Analyses were re-
stricted to patients having full data on relevant
variables. Each variable was described for sur-
vivors and nonsurvivors using counts and per-
centages for categorical variables and the me-
dian and interquartile range (25th-75th
percentile) for continuous variables. The asso-
ciation of each variable with hospital mortality
was examined using chi-square or Fisher’s ex-
act tests for categorical variables and the Wil-
coxon’s rank sum test for continuous vari-
ables. The Cochran-Armitage test for trend
was used for ordered categorical variables.

Logistic regression was used to identify
variables that were independently associated
with hospital mortality. First, the univariate
association of each variable with mortality was
examined, as described above. All variables
with p < 0.25 were eligible for inclusion in the
logistic regression model. In addition, the de-
cision was made a priori to include patient
age, gender, and first documented cardiac ar-
rest rhythm in the model regardless of statis-
tical significance. Forward stepwise selection
was next applied to this pool of potential pre-
dictors to obtain a final model. The criteria for
variable selection were a significance level to
enter of 0.05 and significance level to stay of
0.10. Patient weight was not included in the
model because of its strong correlation with
age. Maximum pH was not included because
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Table 1. Patient characteristics and relationship to hospital mortality”

Survivors (n = 172)
Median (Interquartile Range) Median (Interquartile Range) p

Nonsurvivors (n = 181)
b

Age (yrs) 0.7 (0.1-3.7) .3(0.3-8.7) .01
Weight (kg) 5.8 (3.6-17.3) .1 (4.0-27.9) .02
n (% n (%)
Age category (Utstein) .01
0-30 days 37 (21.5) 26 (14.4)
31 days to <1 yr 63 (36.6) 58 (32.0)
1to <3 yrs 24 (14.0) 26 (14.4)
3 to <8 yrs 19 (11.0) 23 (12.7)
8 to <14 yrs 16 (9.3) 26 (14.4)
14 to <19 yrs 13 (7.6) 22 (12.2)
Gender (male) 102 (59.3) 100 (55.6) A48
Race .62
White 83 (48.3) 85 (47.0)
Black 47 (27.3) 44 (24.3)
Other/unknown 42 (24.4) 52 (28.7)
Ethnicity .58
Hispanic 15 (8.7) 11 (6.1)
Not Hispanic 58 (33.7) 59 (32.6)
Unknown 99 (57.6) 111 (61.3)
Insurance type 72
Commercial 96 (57.8) 92 (53.8)
Medicaid 59 (35.5) 68 (39.8)
Other insurance 11 (6.6) 11 (6.4)
Any chronic pre-existing 151 (87.8) 159 (87.8) 99
condition
Specific chronic pre-existing
conditions®
Prenatal conditions or 22 (12.8) 24 (13.3) 90
complications
Lung or airway disease 50 (29.1) 44 (24.3) 31
Congenital heart disease 96 (55.8) 80 (44.2) .03
Acquired heart disease 20 (11.6) 23 (12.7) .76
Hematologic, oncologic or 15 (8.7) 41 (22.7) <.01
immunologic
Gastrointestinal 32 (18.6) 43 (23.8) 24
Genetic/metabolic 19 (11.0) 35 (19.3) 03
Endocrine 6 (3.5) 6 (3.3) 93
Renal 14 (8.1) 31(17.1) 01
Neurological 43 (25.0) 39 (21.5) 44

“Unavailable (missing) values were excluded from calculations of percentages and summary
statistics for the following variables: weight (5), gender (1), insurance type (16); ®for comparison
between survivors and nonsurvivors, x> or Fisher’s exact test was used for categorical variables,
Wilcoxon’s rank sum test was used for continuous variables, and the Cochran-Armitage trend test was

used for the ordered age categorical variable;

“for chronic pre-existing conditions, a condition was

assumed to be not present unless specifically noted otherwise.

minimum pH was considered to be the more
appropriate variable and both were highly as-
sociated with outcome. Maximum lactate was
not included because of the large number of
missing values.

Three final logistic regression models were
built. The first model included only variables
available before and during the arrest. The
second model additionally evaluated variables
collected in the first 12 hrs postarrest. Finally,
because patients placed on ECMO in the first
12 hrs postarrest are likely to have a different
mortality risk, a third model excluded ECMO
patients. Adjusted odds ratios and 95% confi-
dence intervals were calculated for each model.
The c-statistic, or area under the receiving op-
erating characteristic curve, is also reported
(27). All analyses were conducted in SAS version
9.1 (SAS Institute, Cary, NC).
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RESULTS

Three hundred and fifty-three patients
(n = 353) had an in-hospital CPR event
with chest compressions for >1 min, and
return of circulation for at least 20 mins.
Of these, 172 (48.7%) survived to hospital
discharge. Baseline patient characteris-
tics are shown in Table 1. Younger age
and lower body weight were associated
with survival. Survivors were more likely
to have pre-existing congenital heart dis-
ease whereas nonsurvivors were more
likely to have pre-existing hematologic, on-
cologic, or immunologic disorders, ge-
netic or metabolic disorders, and renal
disorders. Cardiac arrest event character-

istics are shown in Table 2. Survivors
were more likely to have received CPR
during the daytime and postoperatively.
Nonsurvivors were more likely to have an
endotracheal tube before arrest, and to
have received sodium bicarbonate, cal-
cium, and vasopressin during the arrest.
Nonsurvivors received a greater number
of epinephrine doses than survivors (Fig.
1). First documented cardiac rhythm was
not significantly associated with survival
(Table 2). Of those with bradycardia as
the first documented rhythm (n = 173),
28 (16.2%) subsequently developed asys-
tole, 17 (9.8%) ventricular fibrillation or
tachycardia, and 4 (2.3%) pulseless elec-
trical activity.

Etiologies of cardiac arrest are shown
in Table 3. Survivors were more likely to
have respiratory causes of arrest whereas
nonsurvivors were more likely to have
trauma and known terminal conditions.

Interventions and monitoring devices
used during the first 12 hrs postarrest are
shown in Table 4. Nonsurvivors were
more likely to have received inotropes
and/or vasopressors. In the first 24 hours
after the initial cardiac arrest, 28 (16.3%)
survivors and 70 (38.7%) nonsurvivors
had one or more subsequent arrests (p <
.01). Seizures occurred after the initial
arrest and before hospital discharge in 22
(13.2%) survivors and 28 (15.6%) non-
survivors (p = .51).

Physiologic and laboratory values
measured in the first 12 hrs postarrest
are shown in Table 5. Survivors had
higher body temperatures, higher pH, and
lower lactate concentrations than nonsur-
vivors. Survivors were more likely to have
two responsive pupils throughout the first
12 hrs postarrest than nonsurvivors.

Time intervals between the start of the
arrest and various therapeutic modalities
or clinical events are shown in Table 6. In
most cases (85.7%), initiation of CPR was
documented within the first minute of
detecting the need for chest compres-
sions; and in 62.3% of cases, administra-
tion of the first epinephrine dose was
documented within the first 2 mins of
initiation of chest compressions. Survi-
vors had a shorter duration of CPR than
nonsurvivors.

PCPC scores are shown in Table 7.
Prearrest PCPC score was not associated
with survival. Among survivors who had
prearrest and discharge PCPC scores
available (n = 140), 132 (94.3%) had a
good neurologic outcome (PCPC score of
1 or 2 at hospital discharge or no change
from prearrest to hospital discharge).
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Table 2. Cardiac arrest event characteristics and relationship to hospital morality?

Survivors Nonsurvivors
(n =172) n (%) (n = 181) n (%) »°
Location of arrest .51
Emergency department 18 (10.6) 26 (14.5)
General ward 24 (14.1) 19 (10.6)
Intensive care unit 113 (66.5) 115 (64.2)
Other 15 (8.8) 19 (10.6)
Day of arrest 43
Weekday (Monday 7:00 am 121 (71.2) 117 (67.2)
—Friday 10:59 pm)
Weekend (Friday 11:00 pm 49 (28.8) 57 (32.8)
—Monday 6:59 AM)
Time of arrest .03
Day (7:00 aM —10:59 pm) 131 (77.1) 116 (66.7)
Night (11:00 M —6:59 Am) 39 (22.9) 58 (33.3)
CPR provided postoperatively 60 (35.7) 37 (21.1) <.01
First documented rhythm .34
Asystole 23 (13.4) 32 (17.7)
Bradycardia 93 (54.1) 80 (44.2)
Pulseless electrical activity 16 (9.3) 15 (8.3)
Ventricular fibrillation/ 16 (9.3) 19 (10.5)
tachycardia
Other/unknown 24 (14.0) 35(19.3)
Presence of intravenous 160 (93.6) 164 (90.6) 31
catheter before arrest
Presence of endotracheal 98 (57.6) 123 (68.0) .05
tube before arrest
Interventions and monitoring
devices present before
arrest
Central venous catheter 94 (59.5) 109 (66.9) 17
Arterial catheter 73 (46.2) 89 (54.6) 13
Cardiac monitor 145 (91.8) 152 (93.3) .61
Pulse oximeter 146 (92.4) 151 (92.6) 94
Defibrillated during arrest 24 (14.6) 33(19.3) .26
Open chest CPR 13 (7.6) 12 (6.8) 75
Drugs administered
Fluid bolus 67 (42.4) 72 (40.7) 75
Atropine 56 (35.4) 68 (38.4) 57
Sodium bicarbonate 78 (49.4) 125 (70.6) <.01
Calcium 69 (43.7) 105 (59.3) <.01
Vasopressin 3(1.9) 15 (8.5) 01
Lidocaine 15 (9.5) 18 (10.2) 84
Amiodarone 7 (4.4) 12 (6.8) .35
Epinephrine 134 (80.7) 159 (90.9) .01
Median (interquartile range) Median (interquartile range)
Epinephrine doses 2.0 (1.0-3.0) 3.0 (1.0-4.0) <.01

administered

CPR, cardiopulmonary resuscitation.

“Unavailable (missing) values were excluded from calculations of percentages and summary
statistics for the following variables: location of arrest (4), day and time of arrest (9), CPR postoperative
(10), presence of intravenous catheter (1), presence of endotracheal tube (2), interventions and
monitoring devices (32), defibrillated during arrest (18), open chest CPR (6), drugs administered
(except epinephrine, 18), epinephrine administered (12); ®for comparison between survivors and
nonsurvivors, x> or Fisher’s exact test was used for categorical variables and Wilcoxon’s rank sum test

was used for continuous variables.

Among all survivors (n = 172), 132
(76.7%) had a good neurologic outcome.

The results of the three regression
models are shown in Table 8. Each model
was adjusted for age, gender, and first
documented rhythm. In model 1 (vari-
ables available before and during the ar-
rest), pre-existing hematologic, onco-
logic, or immunologic disorders, and pre-
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existing genetic or metabolic disorders;
presence of an endotracheal tube before
the arrest; and the use of sodium bicar-
bonate during the arrest were indepen-
dently associated with increased hospital
mortality. Postoperative CPR was associ-
ated with decreased mortality. In model 2
(variables available up to 12 hrs postar-
rest), the use of calcium during the arrest

was associated with increased mortality.
Higher minimum blood pH and pupillary
responsiveness were associated with de-
creased mortality. In model 3 (excluding
ECMO patients), pre-existing genetic or
metabolic disorders, electrolyte imbal-
ance as an etiology of arrest, and longer
duration of CPR were associated with in-
creased mortality. Higher minimum
blood pH and pupillary responsiveness
were associated with decreased mortality.

Figure 2 depicts the predicted proba-
bility of death based on minimum pH
value during the first 12 hrs postarrest,
after adjusting for factors described in
model 2. For an average patient (median
age and other characteristics as most fre-
quently observed in the population), the
predicted probability of mortality was
70% or higher for pH values <6.70, and
30% or lower for values >7.35. A pH of
7.03 corresponded to a 50% predicted
probability of death.

DISCUSSION

Our findings describe the clinical
characteristics, early hospital course, and
outcome of a cohort of pediatric patients
who experienced an in-hospital CPR
event with chest compressions for greater
than 1 min, and who had a return of
circulation for at least 20 mins. This co-
hort was identified from 15 PECARN chil-
dren’s hospitals whose locations are geo-
graphically diverse and represent all four
U.S. Census Bureau Regions and six of
nine Census Bureau Divisions (28). Most
patients within this cohort had chronic
pre-existing conditions and were highly
monitored both before and after the car-
diac arrest event. Many arrests occurred
in the PICU. Initiation of CPR was most
often immediate with the first epineph-
rine dose usually being given within 1 to
2 mins of the start of arrest. The rate of
survival to hospital discharge within this
cohort who had a sustained return of
circulation was 48.7%. Of those who sur-
vived to hospital discharge, 76.7% had a
documented good neurologic outcome
(i.e., PCPC score of 1, 2, or no change
from prearrest). Our cohort’s survival
rate is similar to that reported by Nad-
karni et al (11) from the NRCPR registry
who found that 236 (51.4%) of 459 chil-
dren with in-hospital cardiac arrest and
sustained return of circulation survived
to hospital discharge. Nadkarni et al re-
ported good neurologic outcome at hos-
pital discharge (PCPC score of 1, 2, 3, or
no change from prearrest) in 65% of pe-
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Patient Mortality By Number of Epinephrine Doses Received
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Figure 1. Data are unadjusted and represent a basic summary of mortality by number of epinephrine
doses. The solid line includes all patients. The dashed line excludes patients placed on extracorporeal
membrane oxygenation in the 12 hours following arrest.

Table 3. Etiology of cardiac arrest and relationship to hospital mortality”

Survivors
(n = 167) n (%)

Nonsurvivors
(n = 180) n (%) »°

Cardiac (not congenital heart disease)
Arrhythmia
Hypovolemic shock
Septic shock
Cardiomyopathy
Other
Congenital heart disease
Arrhythmia
Low cardiac output
Hypoxemia
During postoperative course
Tamponade
Other
Respiratory
Endotracheal tube displacement
Respiratory failure
Airway obstruction
Other
Neurologic
Drug overdose/Ingestion
Trauma
Electrolyte imbalance
Terminal condition
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“Patients could have multiple categories identified for etiology of arrest. There were six patients
(five survivors and one nonsurvivor) who did not have any information documented for etiology of
arrest. These patients were excluded from percentage calculations; ®x or Fisher’s exact test was used
for comparison between survivors and nonsurvivors.

diatric patients who survived in-hospital
cardiac arrest. However, in their study,
good neurologic outcome was defined to
include patients discharged with moderate
disability (i.e., PCPC score of 3).

Variables collected in our study were
based on Utstein Style definitions devel-
oped for uniform reporting of cardiac ar-
rest and resuscitation data (18). Utstein
guidelines define cardiac arrest as the
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cessation of cardiac mechanical activity
as confirmed by the absence of signs of
circulation. Absent signs of circulation
include the inability to palpate a central
pulse, unresponsiveness, and apnea. Be-
cause of the retrospective nature of our
study and the lack of consistent docu-
mentation of central pulses in medical
records, we defined cardiac arrest as a
CPR event with greater than 1 min of

chest compressions. Patients receiving
greater than 1 minute of chest compres-
sions by health professionals were as-
sumed to have absent signs of circula-
tion. Several studies have demonstrated
extremely poor diagnostic accuracy of the
central pulse check for both lay rescuers
and professional healthcare providers
(29-32).

Cardiac arrest is a clinical diagnosis
and may be present in a child even when
the first documented rhythm reveals
some form of organized electrical activity
(33). Indeed, the most frequent first doc-
umented rhythm reported at the time of
initiation of chest compressions in 173 of
our patients (49.0%) was bradycardia.
Many of these patients with initial brady-
cardia went on to develop rhythms more
typically associated with absent pulses.
However, many others who were initially
bradycardic had no subsequent abnormal
rhythms documented. Patients with ini-
tial bradycardia received a median of 8
mins of chest compressions (interquartile
range, 3-20 mins) and a median of two
doses of epinephrine (interquartile range,
1-3 doses). It is unlikely that patients
with this duration of CPR and epineph-
rine requirement had effective mechani-
cal activity of the heart. A small propor-
tion of our cohort (4.6%) did not receive
mechanical ventilation following the car-
diac arrest event. These patients either
recovered sufficiently after CPR not to
require mechanical ventilation (e.g., ven-
tricular tachycardia or fibrillation that re-
solved with cardioversion) or died after a
20-min period of returned circulation
without mechanical ventilation (e.g., in-
tubation with hand bagging before PICU
transfer).

Our cohort does not include all chil-
dren who experienced an in-hospital car-
diac arrest within participating PECARN
sites during the study period. Only those
patients who would potentially be eligible
for a randomized trial of the effect of
therapeutic hypothermia on neurobehav-
ioral outcomes after in-hospital cardiac
arrest were included. We excluded cases
with brief duration of CPR (<1 min) even
if epinephrine or defibrillation were ad-
ministered. Such patients may be less
likely to have significant neurobehavioral
deficits that could be measured in the
context and timeframe of a clinical trial.
We also excluded cases without return of
circulation because these cases would not
be eligible for a clinical trial to establish
efficacy of therapeutic hypothermia.
Comparison of our findings with those
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from other studies should be careful to
account for these differences in inclusion
and exclusion criteria.

Previous NRCPR studies have sug-
gested that younger age at the time of
cardiac arrest is associated with better
outcomes. Meaney et al (13) found that
newborns and infants had higher rates of
survival to hospital discharge than older
children following cardiac arrest in the
PICU. Nadkarni et al (11) found that chil-
dren had higher survival rates than adults
after in-hospital pulseless cardiac arrest.
NRCPR studies have also described that

first documented pulseless arrest rhythm
is associated with survival to hospital dis-
charge (11). In one study that included
both adults and children, a first rhythm
of ventricular fibrillation or tachycardia
provided a survival benefit (11). In an-
other NRCPR study that included only
children, Samson et al (15) found that
patients with ventricular fibrillation or
tachycardia as a first rhythm had similar
survival rates as patients with other types
of first rhythms. Although our logistic
regression models controlled for age,
gender, and first documented arrest

Table 4. Postarrest hospital course (0-12 hrs) and relationship to hospital mortality”

Survivors Nonsurvivors
(n =172) n (%) (n = 181) n (%) p?
ICU interventions and monitoring devices
Mechanical ventilation 159 (92.4) 176 (98.3) .01
Therapeutic hypothermia 7(4.1) 6 (3.3) 71
ECMO 28 (16.3) 30 (16.8) .90
Dialysis 4(2.3) 15 (8.4) .01
Central venous catheter 143 (83.1) 164 (91.6) .02
Arterial catheter 130 (75.6) 151 (84.4) .04
Intraosseous access 7(4.1) 13 (7.3) .20
Peripheral intravenous catheter 132 (76.7) 124 (69.3) 12
Intracranial pressure monitor 2(1.2) 7(3.9) 17
Cardiac monitor 172 (100.0) 178 (99.4) 1.00
Pulse oximeter 172 (100.0) 178 (99.4) 1.00
Drug therapies
Antiarrhythmics 33(19.3) 33 (18.3) .82
Anticonvulsants 23 (13.5) 31(17.2) 33
Any inotrope or vasopressor 131 (76.6) 162 (90.0) <.01
Dopamine 85 (49.7) 95 (52.8) 57
Dobutamine 21 (12.3) 29 (16.1) .30
Epinephrine 85 (49.7) 131 (72.8) <.01
Norepinephrine 8 (4.7) 19 (10.6) .04
Milrinone or amrinone 67 (39.2) 50 (27.8) .02
Vasopressin 18 (10.5) 36 (20.0) .01
Other inotrope or vasopressor 20 (11.7) 29 (16.1) 23

ICU, intensive care unit; ECMO, extracorporeal membrane oxygenation.

“Unavailable (missing) values were excluded from calculations of percentages and summary
statistics. There were two nonsurvivors with missing data for ICU interventions and monitoring
devices (except therapeutic hypothermia which had complete data capture). There was one survivor

and one nonsurvivor with missing data for drug therapies; °x?
comparison between survivors and nonsurvivors.

or Fisher’s exact test was used for

rhythm, these variables were not found to
be independent predictors of hospital
mortality in our cohort. The inclusion of
only those with a sustained return of cir-
culation likely influenced our results.
Variables available before and during
the cardiac arrest event that were inde-
pendently associated with increased hos-
pital mortality in our cohort included
pre-existing hematologic, oncologic, or
immunologic disorders, genetic or meta-
bolic disorders, the presence of an endo-
tracheal tube before arrest, and the use of
sodium bicarbonate during the arrest
(see model 1). Other studies have simi-
larly reported that chronic pre-existing
conditions are common among pediatric
patients who experience in-hospital car-
diac arrest and that such conditions are
often predictive of survival (5, 7, 15). De-
creased survival after cardiac arrest
among patients with malignancy or ge-
netic disorders likely reflects the poor
prognoses often associated with these
conditions. Similarly, the presence of an
endotracheal tube before arrest likely re-
flects the patient’s severity of illness at
the time of the arrest. Within our cohort,
patients who received sodium bicarbonate
had a longer duration of CPR, and were
more likely to receive other pharmacologic
interventions such as calcium, vasopressin,
and greater number of epinephrine doses.
Variables that were independently associ-
ated with decreased mortality included CPR
provided postoperatively. Postoperative
CPR was often performed on young in-
fants after surgical repair of congenital
heart defects, a situation previously
found to be associated with better out-
comes (15). A recent report from the
NRCPR described time of day and day of
week as predictors of pulseless cardiac
arrest outcome in adults (34). In our co-

Table 5. Physiologic and laboratory values (0—12 hrs postarrest) and relationship to hospital mortality®

Survivors (n = 172)

Nonsurvivors (n = 181)

N Median (Interquartile Range) N Median (Interquartile Range) »°
Minimum body temperature (°C) 172 35.5 (34.7-36.3) 166 35.1 (33.4-36.2) .02
Maximum body temperature (°C) 172 37.3 (36.8-38.0) 166 36.9 (36.1-37.9) .01
Minimum pH 158 7.26 (7.13-7.35) 170 7.12 (6.96-7.29) <.01
Maximum pH 158 7. 48 (7.40-7.55) 170 7.44 (7.32-7.53) <.01
Maximum lactate (mmol/L) 118 .8 (2.4-9.6) 112 12.6 (5.9-18.6) <.01
Minimum glucose (mmol/L) 154 3 (4.8-8.8) 159 6.4 (4.4-10.8) 81
Maximum glucose (mmol/L) 154 10 1(6.5-14.9) 159 11.3 (6.7-17.5) .16

n n (%) n n (%)
Two responsive pupils 158 140 (88.6) 155 95 (61.3) <.01

“Unavailable (missing) values were excluded from calculations of summary statistics; *for comparison between survivors and nonsurvivors, x? test was
used for categorical variables and Wilcoxon’s rank sum test was used for continuous variables.

Pediatr Crit Care Med 2009 Vol. 10, No. 5

549



Table 6. Time intervals and relationship to hospital mortality?

Survivors (n = 172)

Nonsurvivors (n = 181)

n Median (Interquartile Range) Median (Interquartile Range) »°

Interval from arrest to

Initiation of CPR (min) 168 0.0 (0.0-0.0) 168 0.0 (0.0-0.0) .84

First epinephrine dose (min) 128 0.0 (0.0-3.0) 148 1.0 (0.0-2.0) 91

First attempted defibrillation (min)© 12 1.0 (0.0-2.0) 2.0 (0.5-9.0) 12

Initiation of ECMO (hrs) 28 1.0 (1.0-2.0) 1.0 (1.0-2.0) .65

Initiation of therapeutic hypothermia (min) 5 74.0 (33.0-135.0) 105.0 (100.0-184.0) .55
Duration of CPR (min) 167 8.0 (3.0-19.0) 163 13.0 (5.0-31.0) <.01
Duration of PICU stay (days) 146 15.0 (6.0-28.0) 157 6.0 (1.0-27.0) <.01
Duration of hospital stay (days) 165 26.0 (15.0-48.0) 170 10.0 (2.0-35.0) <.01

CPR, cardiopulmonary resuscitation; PICU, pediatric intensive care unit; ECMO, extracorporeal membrane oxygenation.
“?Unavailable (missing) values were excluded from calculations of summary statistics; *Wilcoxon’s rank sum test used for comparison between survivors
and nonsurvivors; “for those whose first documented rhythm was ventricular fibrillation or ventricular tachycardia.

Table 7. PCPC scores?

Survivors (n = 172) n (%)

Nonsurvivors (n = 181) n (%) P

Prearrest PCPC
Normal 100 (69.0
Mild disability 23 (15.9
Moderate disability 15 (10.3)
Severe disability 6 (4.1)
Vegetative 1(0.7)

Hospital d/c PCPC
Normal 8
Mild disability 2
Moderate disability 1
Severe disability 1
Vegetative
Death

Change in PCPC
No change 12
1 level
2 levels
3 levels
4 levels
5 levels

62.6) .08

NA

181 (100)
NA

00 = DD —
JoSowo
Mwhivivo
PR
235

PCPC, Pediatric Cerebral Performance Category; NA, not available.

?Unavailable (missing) values were excluded from calculations of percentages and summary
statistics for the following variables: prearrest PCPC (69), hospital discharge PCPC (26), change in
PCPC (74); ®Cochran-Armitage trend test used for comparison between survivors and nonsurvivors.

hort of in-hospital pediatric cardiac arrest
with return of circulation, night and
weekend arrests were not independently
associated with mortality when age, gen-
der, and first documented rhythm were
controlled.

When extending the time frame of our
regression model to include variables
available within 12 hrs postarrest, the use
of calcium during the arrest was indepen-
dently associated with increased hospital
mortality (see model 2). In the year 2000,
the American Heart Association recom-
mended restricting calcium use during
CPR to specific conditions including hy-
pocalcemia, hyperkalemia, hypermag-
nesemia, and calcium channel blocker
overdose (35). Despite this recommenda-
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tion, calcium was given to 174 of our
patients (51.9%). This finding is similar
to that reported by Srinivasan et al (16)
who found that calcium was given to 45%
of pediatric patients included in the
NRCPR registry, and that calcium use
was associated with decreased survival
and poor neurologic recovery. In our co-
hort, higher minimum blood pH and pu-
pillary responsiveness were associated with
decreased hospital mortality. Blood pH cor-
related inversely with lactic acid concentra-
tion; higher pH likely reflects better oxygen
delivery during CPR. Pupil reactivity has
been associated with survival after cardiac
arrest in adults (36).

In our final logistic regression model,
we excluded patients who received ECMO

following in-hospital cardiac arrest.
ECMO is increasingly used to restore cir-
culation in patients with cardiac arrest
refractory to conventional CPR, but may
not be universally available after cardiac
arrest at all children’s hospitals. Recent
studies report survival rates of 34% to
41% in such patients who without ECMO
would not be likely to survive (7, 37-40).
Excluding ECMO patients from our anal-
ysis, variables independently associated
with increased hospital mortality in-
cluded pre-existing genetic or metabolic
disorders, electrolyte imbalance, and
longer duration of CPR. Higher mini-
mum blood pH and pupillary responsive-
ness were associated with decreased mor-
tality. These variables are similar to or
correlated with those described above in
our models that include ECMO patients.
Differences likely reflect the smaller sam-
ple size and missing data.

Recent reports have suggested that
hyperglycemia is associated with in-
creased mortality in heterogeneous PICU
populations (41, 42). In our multicenter
cohort study that examines a more homo-
geneous group with recent cardiac arrest,
peak glucose concentrations in the imme-
diate period 12 hrs postarrest were not as-
sociated with mortality. Bernard et al (19)
described the use of 12 hrs of therapeutic
hypothermia in a cohort of adult cardiac
arrest patients and found this intervention
to be associated with improved outcome
and hyperglycemia.

Findings from this study are impor-
tant for designing a multicenter trial of
therapeutic hypothermia following in-
hospital cardiac arrest in pediatric pa-
tients. Importantly, the findings provide
information about the number of patients
available for the study across the partici-
pating PECARN sites. Estimates of neu-
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Table 8. Logistic regression models for hospital mortality”

Model Variable 0dds Ratio 95% Confidence Interval p
Model 1° (n = 323) Pre-existing condition
Hematologic, oncologic, or immunologic 2.61 1.27-5.35 .01
Genetic or metabolic 1.85 0.91-3.79 .09
Presence of endotracheal tube before arrest 1.97 1.17-3.31 .01
CPR during postoperative period 0.44 0.25-0.76 <.01
Sodium bicarbonate administered during CPR 2.72 1.66-4.48 <.01
Model 2¢ (n = 277) Calcium administered during CPR 2.26 1.29-3.96 <.01
pH (0.10 unit increase) 0.77 0.67-0.89 <.01
Two responsive pupils 0.23 0.11-0.46 <.01
Model 37 (n = 224) Pre-existing conditions
Genetic or metabolic 2.28 1.02-5.13 .05
Etiology of arrest
Electrolyte imbalance 3.35 1.18-9.47 .02
Duration of CPR (min) 1.02 1.00-1.03 .05
pH (0.10 unit change) 0.80 0.68-0.95 .01
Two responsive pupils 0.21 0.09-0.48 <.01

CPR, cardiopulmonary resuscitation; ECMO, extracorporeal membrane oxygenation.

?0dds ratios and 95% confidence intervals are based on multivariable logistic regression controlled for age, gender, and first documented rhythm;
®Model 1 include variables available prior to and during the arrest. The c-statistic (area under the curve) for model 1 is 0.73; “Model 2 includes variables
available up to 12 hrs postarrest. The c-statistic for model 2 is 0.76; “Model 3 excludes ECMO patients. The c-statistic for model 3 is 0.77.
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Figure 2. Predicted probabilities are based on logistic regression model 2 (including variables before,
during, and up to 12 hours after cardiac arrest [CA]). The predicted probabilities are based on an
“average” CA patient with median age (0.9 years) and values for all other variables based on most
frequently observed in population, i.e., male with initial arrest rhythm of bradycardia, calcium
administered during cardiopulmonary resuscitation, and both pupils responsive during 12 hours

postarrest.

rologic outcomes with PCPC scores allow
more accurate power calculations for a
hypothermia trial that proposes to use
neurobehavioral outcome as a primary
outcome measure. Relying on past liter-
ature alone, certain groups of patients
such as those with sepsis as an etiology of
cardiac arrest would likely be excluded
from a trial of therapeutic hypothermia
because of the extremely high mortality
rates reported (4). However, in our in-
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hospital cardiac arrest cohort, 32.1% of
patients with septic shock as an etiology
of arrest survived to hospital discharge
justifying their inclusion in a clinical
trial. The low reported use of hypother-
mia in our cohort (<5%) suggests that
clinical equipoise existed for therapeutic
hypothermia after pediatric cardiac arrest
during the time period of the study. How-
ever, this observation must be inter-
preted with caution since equipoise

within the critical care community may
change over time. A survey of the pediat-
ric critical care community conducted in
2005 and published in 2006 reported that
95% of respondents would be willing to
randomize their cardiac arrest patients to
a therapeutic hypothermia trial (43). This
finding likely reflects the fact that no trial
of therapeutic hypothermia has been con-
ducted in any in-hospital cardiac arrest
population, and no trial has been con-
ducted following pediatric cardiac arrest.
A trial investigating the use of therapeu-
tic hypothermia in pediatric patients with
severe traumatic brain injury was pub-
lished in 2008 (44). The trial concluded
that therapeutic hypothermia does not
improve neurologic outcome and may in-
crease mortality in children with brain
injury (44). These findings may also con-
tribute to equipoise regarding therapeu-
tic hypothermia for pediatric conditions
other than traumatic brain injury such as
pediatric cardiac arrest.

Limitations of this study include the
retrospective nature of case identification
and data collection. Missing data oc-
curred when specific variables were not
adequately documented in the medical
records. Missing data likely accounted for
some of the difference in identified pre-
dictors of mortality between regression
models. In a retrospective study, associa-
tions between variables may not represent
cause and effect. Our data were collected
between July 1, 2003 and December 31,
2004, and some practices such as use of
therapeutic hypothermia after CPR may
presently occur at different rates. PCPC
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scores are recommended in the Utstein
Guidelines to assess neurologic outcome
after cardiac arrest. However, PCPC
scores provide only a global assessment of
neurologic status and may fail to detect
milder or more specific forms of dysfunc-
tion. PCPC scores were frequently miss-
ing especially for the younger patients.
Strengths of this study include the mul-
ticenter participation of a geographically
diverse group of PECARN children’s hos-
pitals across the United States, the exten-
sive training and monitoring of data ab-
stractors, and the detailed data collection
performed as part of planning a random-
ized clinical trial.

CONCLUSIONS

Approximately half of children who ex-
perience an in-hospital cardiac arrest event
with sustained return of circulation survive
to hospital discharge. Among survivors,
over three fourths have good neurologic
outcomes based on PCPC measurements.
Many variables are independently associ-
ated with hospital mortality. Future re-
search should evaluate whether any of
these associations represent cause and ef-
fect. Clinical investigators evaluating the
efficacy of new interventions for pediatric
cardiac arrest such as therapeutic hypo-
thermia will need to consider these find-
ings in their study designs.
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